Objectives: Stroke mortality rates are reported to be lower for Hispanics than non-Hispanic Whites. We investigate the degree to which this lower reported mortality is explained by inaccuracies introduced through omission of nativity, imprecise measurement of cause of death, and under-ascertainment of Hispanic ethnicity on death certificates. We used national vital registration data for the years 1989 -1991 and 1999 -2002, including foreign-and US-born Hispanics and non-Hispanic Whites. Hispanic deaths were adjusted for misclassification of ethnicity on the death certificate. Denominators for the rates were derived from census estimates. Results: Adjustment for nativity and death certificate misclassification removes the stroke mortality advantage for US-born Hispanic men, but not women. After adjustment, US-born Hispanic men and women have higher rates of mortality from subarachnoid hemorrhage than non-Hispanic Whites (RR: 1.23 and 1.23, respectively), but lower rates of mortality from Ischemic (RR: 0.76 and 0.73, respectively) and chronic effects of stroke (RR: 0.87 and 0.73, respectively). Conclusions: When adjusted for misclassification the lower stroke mortality remains for Hispanic men and women at older ages. Part of the previously reported advantage is a combination of imprecise measurement and data quality.
D espite declines in stroke mortality over the previous decades, it remained the third leading cause of death. [1] [2] [3] [4] Studies have shown significant differences in mortality among different racial/ethnic groups. Hispanics have lower rates of stroke mortality, particularly at older ages than non-Hispanic whites. 1, 5, 6 Heterogeneity exists in the Hispanic population by country of origin, birthplace, education, and income. According to the US census, on average Hispanics possess lower levels of education, have lower paying jobs, and are more likely to live in poverty than non-Hispanic Whites. 7 Thus, on average, Hispanics occupy a lower socioeconomic position than non-Hispanic whites. Lower socioeconomic position is associated with increased mortality from stroke. 8 -10 Given the lower socioeconomic position of Hispanics relative to non-Hispanic whites, it is surprising that Hispanics have lower rates of mortality from stroke compared with non-Hispanic whites. It has been suggested that the Hispanic mortality advantage is the result of confounding factors and thus not entirely accurate. 11 The current study presents an examination of potential methodological explanations for the findings of lower stroke mortality in Hispanics.
One potential contributor to lower Hispanic stroke morality is nativity. It has been observed in all race/ethnic groups that the foreign born have markedly lower rates of all cause mortality than those born in this country. 12 Foreignborn Hispanics have been shown to have significantly lower mortality rates due to circulatory causes (including stroke) than their US-born counter parts and non-Hispanic Whites. 13, 14 Nearly 40% of Hispanics in the United States are foreign born. 15 Thus, the lower stroke mortality in Hispanics in the United States may be attributable to this "Healthy Migrant" effect.
Two additional methodological factors that may contribute to lower Hispanic stroke mortality involve data quality. The first of these is accuracy of cause of death coding on the death certificate. The International Classification of Diseases, version 9 (ICD-9) and version 10 (ICD-10), may be too vague, leading to variability in diagnostic assessment. 16 The resulting diagnostic ambiguity may result in greater accuracy in diagnosis for death from an acute event (hemorrhagic or ischemic) relative to diagnosis of more chronic effects of stroke (unspecified, other cerebrovascular disease and sequelae of stroke). Such generalization of cause of death may understate mortality from specific subtypes of stroke by lumping deaths into the general category. Additionally, place of death may influence the reporting of underlying cause of death. It has been shown that out of hospital stroke deaths are primarily due to the chronic effects of stroke rather than a specific acute subtype. 17, 18 The association of these unobserved deaths with ambiguous diagnoses suggests that deaths that occur outside of a care facility may not be accurately classified.
Misreport of Hispanic ethnicity is the second data quality issue which can influence mortality rates. Ethnicity on death certificates is usually assigned by the funeral director, which can introduce error. 19 Hispanics can be misidentified as non-Hispanics on death certificates leading to a biased mortality rate calculation. 20 -22 Mortality rates are calculated by dividing the number of deaths for a given race/ethnicity by the census estimate of the number of people alive at the middle of the year in question. If Hispanics are underreported on the death certificate, the corresponding mortality rate would be artificially suppressed.
The 1980 Census was the first time that identification of Hispanic origin was used in the decennial census. Additionally, it was not until the late 1970s that a similar question appeared on death certificates. Initial analysis used the national longitudinal mortality study to assess accuracy of Hispanic ethnicity on death certificates. 23 Examining a period from 1979 to 1985, Hispanic origin was found to be accurately coded on the death certificate in 89.7% of cases. Additionally, studies examining the report of country of origin on death certificates is highly concordant with that reported by self-report in the census. 21, 24, 25 These studies have found 98.0% to 99.2% agreement between census and death certificate report of nativity.
Subsequent to this early research, Arias et al also assessed the impact of under reporting of Hispanic ethnicity on death certificates by linking the National Longitudinal Mortality Study (NLMS) to the Current Population Survey (CPS) which is linked to death certificates. In this way they were able to compare self-report of Hispanic ethnicity in the NLMS to death certificate classification. They found that foreign-born Hispanics were very rarely misclassified (ϳ2%), but US-born Hispanics were estimated to be misclassified in 7% of cases. 24, 26 We examine national vital statistic data combined with census estimates to calculate age-adjusted stroke mortality rates for foreign-and US-born Hispanics, correcting for misreport of ethnicity on death certificate using the percentages reported by Arias et al. These rates are then compared with those for non-Hispanic whites. These rates are examined by subtype of stroke, focusing on deaths from acute stroke versus deaths from chronic effects of stroke. We hypothesized that, after correction for under-ascertainment of Hispanic ethnicity, US-born Hispanics would not have lower rates of stroke mortality than non-Hispanic whites from acute stroke. We also expected that dying outside of a care facility would alter the likelihood of acute cause of death classification for Hispanics.
METHODS
Multiple cause-of-death mortality data from the National Vital Statistics System of the National Center for Health Statistics were used for deaths occurring within the United States for the years 1989 -1991 and 1999 -2002. International Classification of Diseases versions 9 and 10 (ICD-9 and ICD-10) were used for 1989 -1991 and 1999 -2002, respectively, due to coding changes on death certificates. Our primary analyses examined only underlying cause of death. However, we performed a secondary analysis to examine the impact of reporting stroke mortality and death with stroke listed as the underlying cause or a contributing cause. All records were grouped into 2 general categories: acute and chronic. The acute category was further broken into subtypes: subarachnoid hemorrhage (ICD-9 codes 430, ICD-10 codes I60), intracerebral/intracranial hemorrhage (ICD-9 code 432, ICD-10 codes I61-I62), and acute ischemic stroke (ICD-9 codes 433-434, ICD-10 code I63). The chronic category consisted of stroke-other and ill-defined cerebrovascular disease (ICD-9 code 437, ICD-10 code I64), and late effects of cerebrovascular disease (ICD-9 code 438, ICD-10 code I69). Transient ischemic attack (ICD-9 code 435, ICD-10 code G45) was not included in these analyses. The data were pooled to generate numerators by 5-year age group, gender, race/ethnicity, and nativity for the time period around 1990 (n ϭ 432,722) and 2000 (n ϭ 662,121). Race/ Ethnicity was defined as non-Hispanic white, foreign-born Hispanic, and US-born Hispanic. Hispanic race/ethnicity was defined as having Hispanic ethnicity regardless of race category. Missing data on death certificates for age (Ͻ0.01%), Hispanic origin (ϳ1.9%), and place of birth (ϳ0.6%) were imputed using the hot-deck procedure in STATA version 9. The numerators were aggregated into 4 groups: foreign-born Hispanics, US-born Hispanics, foreign-born non-Hispanic whites, and US-born non-Hispanic whites. Using the factors reported by Arias et al, 26 the numerators for the foreign-and US-born Hispanics were then directly corrected for death certificate undercount by multiplying the number of deaths by 1.02 and 1.07 respectively. Additionally, we subtract 7% of the number of corrected Hispanic deaths (at each age group and sex) from the number of deaths reported for US-born non-Hispanic whites. Similarly, we subtract 2% of reported foreign-born Hispanic deaths from those reported for foreignborn non-Hispanic whites.
The denominators were compiled from the Integrated Public Use Microdata Series (IPUMS) 5% Census samples for 1990 and 2000 combined with bridged-race population estimates from the National Center for Health Statistics (NCHS) for the years 1989 -1991 and 1999 -2002. The IPUMS data were used to develop a ratio for the percent foreign/US born in a given gender, ethnicity, and age group. This ratio was then used as a multiplier with the census estimates to create denominators for both the foreign-and US-born Hispanics for each gender, ethnicity, and age group.
The numerators and denominators for the years 1989 -1991 and 1999 -2002 were pooled to yield more robust estimates for each stroke subtype. The resulting crude stroke mortality rates were age adjusted using the direct method with the year 2000 US standard million population, and 95% confidence intervals were calculated. 27 To estimate the overall excess stroke mortality among foreign-and US-born Hispanics, rate ratios were calculated for foreign-and USborn Hispanics, using foreign-and US-born non-Hispanic whites as the referent group (respectively). A contingency table was constructed by multiplying the rate for non-Hispanic whites by the US-born Hispanic population resulting in an expected number of deaths for Hispanics. A log linear analysis of contingency tables was performed. 28 The expected deaths and observed deaths were stratified by sex. Covariates in the model were age group and acute stroke compared with other underlying cause. Death outside of a care facility was then added and differences in coefficient for acute stroke were compared with determine the impact of dying outside of an institution on acute diagnosis. Table 1 shows the effect of nativity and ethnicity misclassification on age-adjusted stroke mortality rates for Hispanics and non-Hispanic whites. Data for both 1990 and 2000 are presented. Adjustment for misreport of Hispanic ethnicity on death certificates resulted in a small increase in the mortality rate for foreign-born Hispanics. Adjustment for over-count among non-Hispanic whites also resulted in very small changes in mortality rates. For US-born Hispanics, adjusting for ethnicity misclassification resulted in an increase of greater magnitude than for the foreign born. Although the gap between Hispanics and non-Hispanic white rates narrowed, both foreign-and US-born Hispanic men and women still had substantially lower mortality rates. The rate for US-born Hispanic women was 25% lower than those for US-born non-Hispanic white women, while the rate for foreign-born Hispanic women was 35% lower than those for foreign-born non-Hispanic white women. The rates for USborn Hispanic men was 9% lower than those for US-born non-Hispanic white men. Foreign-born Hispanic men had a rate 24% lower than that for foreign-born non-Hispanic whites. Table 2 presents age adjusted stroke mortality rate ratios (non-Hispanic whites as reference group) by sex and stroke subtype adjusting for nativity and misreport of ethnicity on death certificates. For intracranial hemorrhage, ischemic stroke, and chronic effects of stroke, foreign-born Hispanics had lower rates than foreign-born non-Hispanic whites. However, foreign-born Hispanic men and women had higher rates of subarachnoid hemorrhage than non-Hispanic whites and US-born Hispanics. A similar pattern emerges in the case of US-born Hispanics compared with non-Hispanic whites. Rates for ischemic stroke and chronic effects of stroke are lower for US-born Hispanic men and women than US-born non-Hispanic whites. In US-born Hispanic men the rates are lower only for ischemic stroke and ill-defined stroke. Rates for subarachnoid hemorrhage are much higher for US-born Hispanic men and women than for non-Hispanic whites. Figure 1 shows US-born stroke mortality by sex, age group, and stroke subtype adjusting for ethnicity misreport on death certificates. This figure compares US-born non-Hispanic white and US-born Hispanic rates for 5 age groupings: those 45 and younger, 45 to 64, 65-74, 75-84, and 85 and older. This comparison reveals higher rates of stroke mortality in US-born Hispanic men and women at younger ages for most subtypes of stroke. These comparisons also show a mortality cross over which occurs around the age of 75 for US-born Hispanics for most subtypes of stroke. The exception to this cross over is in the rate of subarachnoid hemorrhage for US-born Hispanic men and women. Since most strokes occur in individuals 75 years old and older, the overall ratio is lower.
RESULTS
Examination of place of death revealed that 87% of both US-born Hispanics and non-Hispanic whites died in an The main analyses examined mortality based on report of underlying cause of death. We also performed similar analyses where stroke mortality was identified as any case where stroke was listed as an underlying or contributing cause. This resulted in an approximate 75% and 80% increase in stroke mortality rates for US-born Hispanic women and men, respectively. The rates for US-born non-Hispanic white women and men increased 62% and 75%, respectively. However, the ratio of Hispanic to non-Hispanic whites changed little. For example, in 2000 the ratio for US-born Hispanic men compared with US-born non-Hispanic men was 0.91, using underlying cause of death. The same ratio calculated using underlying and any contributing cause was 0.94. For US-born Hispanic women the ratio for underlying cause was 0.77, whereas the ratio for underlying and contributing causes combined was 0.83.
DISCUSSION
This study explored the degree to which the relatively lower stroke mortality of Hispanics compared with non-Hispanic Whites is explained by inaccuracies introduced through omission of nativity, imprecise measurement of cause of death and under-ascertainment of Hispanic ethnicity. These factors were examined by adjusting mortality rates for both misclassification of Hispanic ethnicity on death certificates (and consequent over-count of non-Hispanic whites) and foreign versus US place of birth. Imprecision was examined through the calculation of rates for subtypes of stroke and comparison of place of death.
The over-all rate of stroke mortality for Hispanic women remained lower than that for non-Hispanic White women after adjustment for nativity and misreport of Hispanic ethnicity. The lower stroke mortality for US-born Hispanic men narrows after adjustment for nativity and misreport. Examination of death from subtype of stroke reveals a different pattern. Hispanic men and women have a higher rate of mortality from subarachnoid hemorrhage than do non-Hispanic Whites. In contrast, Hispanic men and women have lower mortality rates from ischemic and chronic effects of stroke than do non-Hispanic whites. Hispanics have greater odds of dying outside of an institution than non-Hispanic whites. Additionally, when the place of death is not an institution, the odds are more than 3 times higher for an underlying cause of death diagnosis to be chronic effects of stroke as opposed to acute stroke.
The clear mortality advantage for the foreign-born Hispanics supports the notion of a Healthy Immigrant effect within the Hispanic population. This relative health advantage of the foreign born suggests that immigrants are selected to be healthier than the native born. The majority of stroke deaths occurred in the chronic effects of stroke category. This has been noted previously by the CDC. 17, 18 Such a lack of specificity draws into question the accuracy of rates for subtypes. Almost all of the stroke mortality advantage for Hispanics lay in the chronic category: other and ill-defined stroke and late effects of stroke. These chronic effects leave a great deal of room for interpretation and correspondingly misinterpretation, and thus more prone to erroneous report. In contrast, diagnosis of more acute events is likely more accurate.
The association of place of death and acute versus chronic stratum was anticipated, as patients who die in an institution are more likely to receive a more accurate underlying cause of death diagnosis than those who die elsewhere. As such, rates derived from death in hospital are assumed to be more accurate. Out of hospital deaths, in contrast, receive more vague diagnoses which in turn lead to more questionable mortality rates. This study found higher rates of out of health care facility mortality for Hispanics compared with non-Hispanic whites which is consistent with other research. 29 However, adjusting for death outside of a health care facility resulted in no changes in the coefficients for acute stroke as underlying cause of death.
When acute subtypes of stroke are examined, Hispanics are more likely to die of subarachnoid hemorrhage than non-Hispanic Whites. Additionally, Hispanics are less likely to die of ischemic stroke. These findings are consistent with other studies. 2, 3 This difference in mortality is indicative of differences in the etiology of the underlying disease process for Hispanics and non-Hispanics whites. Although the prevalence of hypertension appear to be slightly lower in Hispanics compared with non-Hispanic whites (25% and 27%, respectively), Hispanics are less likely than whites to be aware of their condition and significantly less likely to be under treatment or to have their condition under control. 30 . It may be the lack of treatment and control of hypertension that contributes to their higher risk for this type of stroke.
Although the overall stroke mortality rate for US-born Hispanic men after adjustment moves closer to the rate for non-Hispanic white men, this rate is still lower than might be expected given their socioeconomic status. This advantage has been previously observed and called the Hispanic Paradox. 31 Several studies have suggested that this paradox is due either to ethnicity misclassification (and thus miscounting) of Hispanics or the contribution of healthy immigrants. 11, 32, 33 The current study supports the supposition that these factors explain part, but not all, of the stroke mortality advantage for Hispanics in the United States.
These analyses also highlight the excess burden of stroke mortality among Hispanics at younger ages. The alarmingly high rates of Intracranial stroke mortality among US-born Hispanic men under the age of 65, more than twice those of US-born non-Hispanic men, suggests the need for interventions in this younger age group.
There are several limitations to this study. One limitation is the misreporting of age on death certificates, especially at older ages. Misstatement of age biases mortality estimates downward. Studies have found this to be true for non-Hispanic Blacks and non-Hispanic Whites. 34 -37 The extent to which this is an issue with Hispanics is not as well established. In this study, however, we pooled data for ages greater than 85 years which should minimize any biases.
Another potential limitation of this study could be the misreport of underlying cause of death. As previously discussed, the internal vagaries introduced are problematic at the level of stroke subtype mortality estimation. However, these data cannot tell us the extent to which stroke attributable deaths are completely misclassified as another underlying cause. We did find that those who die in institutions as opposed to outside of institutions have more accurate underlying cause of death diagnoses.
Due to the limitations imposed by the misreport of race/ ethnicity in vital registration data, researchers have examined data from large, nationally representative survey samples, such as the National Health Interview Survey (NHIS) and the National Mortality Follow-up Survey (NLMS), and then link them to the National Death Index (NDI). 5,11,14,38 -40 The chief advantage of this approach is that race/ethnicity is self-reported, and thus not susceptible to the biases of a third party. However, these studies are limited in several ways. The nature of these samples results in small numbers when examining cause-specific mortality along with sex, race/ethnicity, and nativity, resulting in broad confidence intervals for rate estimates. Additionally, these studies rely on linkage to the NDI, a linkage that has been questioned in regards to Hispanic immigrants. 32 The NDI has no facility to track return migrants whose death outside the United States would lead to understated mortality rates. In contrast to these studies, we examined death certificate data and correct for misreport of Hispanic ethnicity.
Misreport of Hispanic ethnicity on death certificates contributes to the perceived Hispanic stroke mortality advantage, more so for US-born Hispanics than for the foreign born. When adjusted for misclassification the lower stroke mortality for Hispanic men and women persists only at older ages. Additionally, Hispanic men and women have higher rates of mortality attributed to subarachnoid and intracranial hemorrhage than do non-Hispanic whites under the age of 65. Part of the previously reported advantage is a combination of imprecise measurement and data quality. However, after accounting for these factors, an advantage still remains for Hispanic men and women at older ages.
